Background
==========

Breast carcinoma is the second death cause of cancer and the most frequent cancer among females\[[@b1-medscimonit-24-3479],[@b2-medscimonit-24-3479]\]. In recent years, surgery and postoperative chemotherapy have made significant advances in the treatment of breast cancer. However, the 5-year survival rate of breast cancer is still not high. In particular, treatment of triple-negative breast cancer is less effective and severely threatens the survival of patients. Triple-negative breast cancer is highly malignant, aggressive, resistant to chemotherapy, and has a poor prognosis\[[@b3-medscimonit-24-3479]--[@b5-medscimonit-24-3479]\]. However, the molecular mechanisms of breast cancer remain unclear\[[@b6-medscimonit-24-3479]--[@b8-medscimonit-24-3479]\].

ALG3 is the novel target of 3q27.1 amplification in esophageal squamous cell carcinoma. ALG3 is significantly increased and associated with lymph node metastasis \[[@b9-medscimonit-24-3479]\]. In cervical cancer, ALG3 has increased expression. However, the role of ALG3 in the tumorigenesis still needs to be clarified \[[@b10-medscimonit-24-3479]\].

Therefore, in this research, we firstly investigated the expression pattern of ALG3 in breast cancer, then we determined the function and the mechanism of ALG3 in breast cancer cells.

Material and Methods
====================

Tissues
-------

We enrolled breast cancer patients admitted to our hospital from January 2016 to January 2010 who were pathologically diagnosed with breast cancer and received a breast resection. The study was approved by the Ethics Commission of Three Gorges Central Hospital and informed consents from the patients were obtained. Ninety cases of breast cancer and normal paracancerous tissue were obtained.

Evaluation of immunohistochemical staining
------------------------------------------

The expression of ALG3 in breast cancer was detected by immunohistochemical staining in accordance with our previous studies \[[@b11-medscimonit-24-3479],[@b12-medscimonit-24-3479]\]. All the sections were observed by 3 pathologists using a light microscope \[[@b9-medscimonit-24-3479]\]. The intensity of ALG3-positive cells was rated as follows: 0, 1, 2, or 3, for negative, weak, moderate, and strong intensity, respectively. The percentage of ALG3-positive cells was scored as follows: 0 for no cytoplasm expression, 1 for 1--25% positive tumor cytoplasm, 2 for 26--50% positive tumor cytoplasm, 3 for 51--75% positive tumor cytoplasm, and 4 for 76--100% positive tumor cytoplasm \[[@b13-medscimonit-24-3479]\]. We multiplied the intensity and percentage scores to obtain the final ALG3 staining score, defined as follows: a staining score less than 6 was considered low expression, while staining score of 7 or more was considered high expression. All values are showed as the mean ± standard error (mean ±SEM).

Cell culture and transfection procedure
---------------------------------------

MCF-7 cell lines were cultured in RPM1 1640 medium. The medium was supplemented with 10% fetal bovine serum and 1% penicillin/streptomycin in an atmosphere with 5% carbon dioxide at 37°C. The siRNA sequences were obtained from Guangzhou RiboBio Co., LTD (Guangzhou, China). The siRNA sequences were as following: ALG3-1: 5′-GGUUUCGUGUACAUCUUUAUG-3′; ALG3-2: 5′-GGACCUGAGUCUACCCUCAGG-3′; and NC (negative control) siRNA: 5′-UUCUUCGAAGGUGUCACGUTT-3′. The lentiviral vectors expressing shRNA targeting ALG3 (called LV3-shALG3-1 and LV3-shALG3-2) were purchased from Guangzhou RiboBio Co., LTD (Guangzhou, China).

Total RNA isolation and RT-qPCR
-------------------------------

Total RNAs were extracted as previously described \[[@b14-medscimonit-24-3479]\]. The RT and qPCR reactions were conducted as previously described \[[@b9-medscimonit-24-3479]\]. Relative mRNA expression was calculated using the comparative cycle threshold (CT) method (2^−ΔΔCT^).

Chromatin immunoprecipitation (ChIP) assay
------------------------------------------

ChIP assay was carried out using the ChIP Assay Kit (Cell Signaling Technology, 9003) according to the manufacturer's instructions. Briefly, cross-linked chromatin was sonicated into 200- to 1000-bp fragments. Then, the chromatin was immunoprecipitated using anti-HSF2 antibody. Quantitative PCR was conducted according to the method described above.

CCK-8 assay
-----------

The cellular proliferation was determined by the CCK-8 assay according to the manufacture's instruction \[[@b15-medscimonit-24-3479],[@b16-medscimonit-24-3479]\].

Cell migration and invasion assays
----------------------------------

The cell migration and invasion assays were performed as described in our previous studies^\[[@b17-medscimonit-24-3479],\ [@b18-medscimonit-24-3479]\]^. Briefly, MCF-7 cells were cultured in 6-well plates to about 80% confluence. The medium was replaced with serum-free medium. After wounding, the distance between 2 wounds was measured at 0 and 72 h. Invasion assays were performed as follows: the upper side was coated using matrigel basement membrane matrix for 2 h at 37°C; MCF-7 cells were added into the top chamber, and then incubated for 48 h; 6% paraformaldehyde was used to fix the invasive cells; then cells were stained in 0.5% crystal violet (Beyotime) and counted.

Western blot
------------

Western Blot analysis was performed as previously described \[[@b19-medscimonit-24-3479]\]. Three independent experiments were performed using Western blot analysis. The ALG3 (ab151211), HSF2 (ab52758), and GAPDH (ab8245) antibodies were purchased from Abcam, Inc. The antibody was diluted to 1: 1000.

Animal experiment
-----------------

All animal experimental protocols were approved by the Committee on the Use and Care of Animals (Three Gorges Central Hospital). MCF-7 cells were infected with LV3-NC or LV3--1. The 6-week-old BALB/c nude mice were grouped into either the LV3-NC-infected group (n=5) or the LV3-1-infected group (n=5). The infected MCF-7 cells were injected subcutaneously into the left armpit. Twenty-eight days later, the weight and volume of tumors were calculated.

Statistical analysis
--------------------

All statistical analyses were performed using SPSS 19.0 software. Each experiment was performed in triplicate. Student's t-test or analysis of variance (ANOVA) was used for statistical analysis. The differences were considered significant when P\<0.05.

Results
=======

High expression of ALG3 in breast cancer was associated with poor outcome
-------------------------------------------------------------------------

The use of the Oncomine database and GEPIA database was according to methods described in previous studies \[[@b20-medscimonit-24-3479]--[@b22-medscimonit-24-3479]\]. We first investigated the expression of ALG3 in breast cancer using the Oncomine database. We found that the mRNA expression of ALG3 was significantly up-regulated in breast cancer patients in 14 datasets. In the Curtis Breast dataset, the expression of ALG3 was increased in breast cancer tissues compared with normal tissues, with a fold change=2.135 ([Figure 1A](#f1-medscimonit-24-3479){ref-type="fig"}). In the Radvanyi Breast dataset, overexpression of ALG3 was found in all types of breast cancer samples compared with normal tissues: ductal breast carcinoma *in situ* with fold change=3.413 ([Figure 1B](#f1-medscimonit-24-3479){ref-type="fig"}), invasive ductal breast carcinoma with fold change=2.980 ([Figure 1C](#f1-medscimonit-24-3479){ref-type="fig"}), invasive lobular breast carcinoma with fold change=2.408 ([Figure 1D](#f1-medscimonit-24-3479){ref-type="fig"}), and invasive mixed breast carcinoma with fold change=2.184 ([Figure 1E](#f1-medscimonit-24-3479){ref-type="fig"}). In the Finak Breast dataset, the expression of ALG3 in breast cancer also increased compared with normal tissues ([Figure 1F](#f1-medscimonit-24-3479){ref-type="fig"}). Evaluation of the ALG3 expression with OS and RFS was performed using the GEPIA Online Tool (*<http://gepia.cancer-pku.cn/detail.php>*). ALG3 high expression was significantly correlated with poor OS and RFS for all invasive breast cancer patients ([Figure 1G, 1H](#f1-medscimonit-24-3479){ref-type="fig"}).

The increased expression of ALG3 was associated with cancer progression
-----------------------------------------------------------------------

ALG3 was mostly localized in the cytoplasm and cell membrane ([Figure 2A, 2B](#f2-medscimonit-24-3479){ref-type="fig"}). The ALG3 expression was highly stained in breast cancer ([Figure 2A, 2B](#f2-medscimonit-24-3479){ref-type="fig"}). ALG3 expression in glandular cells showed medium staining. However, ALG3 showed medium staining in glandular cells and was not detected in adipocytes ([Figure 2C](#f2-medscimonit-24-3479){ref-type="fig"}). ALG3 expression was significantly increased in breast carcinoma samples compared with normal breast tissue (p\<0.05; [Figure 2A--2C](#f2-medscimonit-24-3479){ref-type="fig"} and [Table 1](#t1-medscimonit-24-3479){ref-type="table"}). The Mann-Whitney U test was used to determine the associations between ALG3 expression and clinicopathologic variables of 90 breast cancer tissues ([Table 1](#t1-medscimonit-24-3479){ref-type="table"}). The relationship between ALG3 expression and age was not significant (p\>0.05; [Table 1](#t1-medscimonit-24-3479){ref-type="table"}). ALG3 expression was significantly increased in cancer samples with advanced stages (stage III/IV) as compared with those in the early stages of disease (stage I/II) (p\<0.05). The staining intensity of ALG3 was significantly related to the tumor grade (grades 2--3 versus 1, p\<0.05).

Silencing ALG3 inhibited the proliferation, migration, and invasion ability of breast cancer cells
--------------------------------------------------------------------------------------------------

The expression of ALG3 was decreased in LV3-shALG3-1- and LV3-shALG3-2-infected MCF-7 cells compared with LV3-NC-infected MCF-7 cells ([Figure 3A](#f3-medscimonit-24-3479){ref-type="fig"}). The cell proliferation, migration, and invasion in MCF-7 cells infected with LV3-shALG3-1 and LV3-shALG3-2 were reduced compared to MCF-7 cells infected with LV3-NC (P\<0.05; [Figure 3B--3F](#f3-medscimonit-24-3479){ref-type="fig"}).

ALG3 is the potential target gene of HSF2 and NKX2-2
----------------------------------------------------

In order to investigate the potential mechanism of ALG3 regulation malignant behaviors in breast cancer, we predicted the transcriptional factor related to ALG3 using GCBI (*<https://www.gcbi.com.cn/gclib/html/index>*). We found that ALG3 is the potential target gene of HSF2 and NKX2-2([Figure 4A](#f4-medscimonit-24-3479){ref-type="fig"}). We also found that HSF2 or NKX2-2 high expression was significantly correlated with poor OS for all invasive breast cancer patients ([Figure 4B, 4E](#f4-medscimonit-24-3479){ref-type="fig"}). However, there were no significant differences in RFS for all invasive breast cancer patients (p values 0.79 and 0.66, respectively) ([Figure 4C, 4F](#f4-medscimonit-24-3479){ref-type="fig"}). The expression of HSF2 was well correlated with ALG3 ([Figure 4D](#f4-medscimonit-24-3479){ref-type="fig"}). However, the expression of NKX2-2 was not correlated with ALG3 ([Figure 4G](#f4-medscimonit-24-3479){ref-type="fig"}).

HSF2 promoted the expression of ALG3 and increased the proliferation, migration, and invasion ability of breast cancer cells
----------------------------------------------------------------------------------------------------------------------------

The ChIP assay confirmed that HSF2 directly bound to the promoter of ALG3 ([Figure 5A](#f5-medscimonit-24-3479){ref-type="fig"}). However, we did not detect binding between NKX2-2 and the promoter of ALG3. Silencing HSF2 reduced the expression of ALG3 ([Figure 5B](#f5-medscimonit-24-3479){ref-type="fig"}). Overexpression of HSF2 promoted the expression of ALG3 ([Figure 5C](#f5-medscimonit-24-3479){ref-type="fig"}). We also observed that overexpression of HSF2 increased the proliferation, migration, and invasion ability of breast cancer cells. This phenomenon was partly abolished by silencing ALG3 ([Figure 5D--5H](#f5-medscimonit-24-3479){ref-type="fig"}).

Silencing HSF2 inhibited the growth of MCF-7 cells *in vivo*
------------------------------------------------------------

To determine the effect of HSF2 on the growth of MCF-7 cells *in vivo*, an animal model was constructed. MCF-7 cells infected with LV3-NC and LV3-shALG3-1 formed tumors in all nude mice. The average volume of tumors was decreased in the LV3-shALG3-1 group compared to that in the LV3-NC group (p\<0.05) ([Figure 6A, 6B](#f6-medscimonit-24-3479){ref-type="fig"}). The average weight of tumors in the LV3-shALG3-1 group was decreased compared to that of the LV3-NC group ([Figure 6C](#f6-medscimonit-24-3479){ref-type="fig"}). The expression of ALG3 and HSF2 in tumors derived from the LV3-shALG3-1-infected group was decreased compared to that in the LV3-NC group ([Figure 6D](#f6-medscimonit-24-3479){ref-type="fig"}).

Discussion
==========

In this research, we found an increased expression of ALG3 in breast cancer tissues. We also observed that silencing ALG3 inhibited the malignant behavior of breast cancer cells. Mechanistic research revealed that HSF2 activated ALG3 and promoted malignant behavior in breast cancer. Based on the results above, ALG3 is a potential therapeutic target and biological marker of breast carcinoma.

In cervical cancer, ALG3 has increased expression. We did not investigate the function of ALG3 in cervical cancer. Our research revealed that the expression of ALG3 was elevated in breast cancer tissues, suggesting that ALG3 may play a role in breast cancer. The high expression of ALG3 was associated the cancer progression and poor outcome. Silencing ALG3 inhibited the malignant behavior of breast cancer. Our results indicate that ALG3 promotes the growth of breast cancer and that ALG3 is a potential target in breast cancer.

Increased expression of heat shock factor 2 has been reported in numerous types of cancers. HSF2 in lung cancer was up-regulated compared with the matched normal tissues \[[@b23-medscimonit-24-3479]\]. The low expression of HSF2 was correlated with high Gleason score, metastasis, and poor survival of prostate cancer patients. This suggested that HSF2 is a suppressor of prostate cancer invasion \[[@b24-medscimonit-24-3479]\]. The expression of HSF2 is significantly increased in lung cancer tissues. Overexpression of HSF2 promotes cell growth and cell migration \[[@b23-medscimonit-24-3479]\]. The transcription of miR-183/-96/-182 is regulated by HSF2. It increased breast cancer cell growth by promoting more rapid completion of mitosis, promoted cell migration, and was essential for cell survival \[[@b25-medscimonit-24-3479]\]. Our study found that the high expression of HSF2 was associated the poor outcome in breast carcinoma. Silencing HSF2 inhibited the malignant behavior of MCF-7 cells. HSF2 promoted cell growth, and cell migration was dependent on induction of up-regulation of ALG3. We also found that silencing ALG3 inhibited the expression of HSF2. It appears that ALG3 affects HSF2 through positive feedback regulation. Our data suggest that HSF2 is involved in breast cancer growth and metastasis.

Conclusions
===========

We found increased expression of ALG3 in breast cancer. High expression of ALG3 was related to cancer progression and poor outcome. We also found that HSF2 activated the transcription of ALG3 and promoted breast cancer growth and metastasis. ALG3 is a potential oncotarget of breast carcinoma.
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![ALG3 expression was elevated and associated with poor outcome in breast cancer. The mRNA expression of ALG3 in breast cancer was analyzed using data derived from the Oncomine database. The expression of ALG3 in breast cancer was increased compared to normal breast tissues (**A--F**). Evaluation of the ALG3 genes with OS and RFS was performed using the GEPIA Online Tool (*<http://gepia.cancer-pku.cn/detail.php>*) (**G, H**).](medscimonit-24-3479-g001){#f1-medscimonit-24-3479}

![ALG3 expression was detected by immunohistochemistry. ALG3 was located in cytoplasm and membranes (**A, B**). The expression of ALG3 in breast cancer tissues (**A, B**) was increased compared to the normal breast tissues (**C**). Original magnification, 200×.](medscimonit-24-3479-g002){#f2-medscimonit-24-3479}

![ALG3 regulates cellular proliferation, migration, and invasion. (**A**) ALG3 was down-regulated by infection with LV3-shALG3-1 or LV3-shALG3-2. (**B**) Breast cancer MCF-7 cells were infected with LV3-NC, LV3-shALG3-1, or LV3-shALG3-2. Cell proliferation was assessed by CCK-8. (**C, D**) Breast cancer MCF-7 cell migration ability was detected by the wound healing assay. The migration of LV3-shALG3-1- or LV3-shALG3-2-infected MCF-7 cells was lower compared to LV3-NC-infected cells. (**E, F**) Breast cancer MCF-7 cell invasion ability was detected by Matrigel invasion assays. The invasion ability of LV3-shALG3-1- or LV3-shALG3-2-infected MCF-7 cells was decreased compared with LV3-NC-infected cells. Original magnification, 200×. Error bars represent standard error. \* p\<0.05, and \*\*p\<0.001.](medscimonit-24-3479-g003){#f3-medscimonit-24-3479}

![(**A**) Bioinformatic prediction of transcription factors binding to ALG3 promoter. (**B, C**) Evaluation of the HSF2 genes with OS and RFS was performed using the GEPIA Online Tool (*<http://gepia.cancer-pku.cn/detail.php>*). (**D**) The correlation between HSF2 and ALG3 was analyzed (*<http://gepia.cancer-pku.cn/detail.php>*). (**E, F**) Evaluation of the NKX2-2 genes with OS and RFS was performed using the GEPIA Online Tool (*<http://gepia.cancer-pku.cn/detail.php>*). (**G**) The correlation between NKX2-2 and ALG3 was analyzed (*<http://gepia.cancer-pku.cn/detail.php>*).](medscimonit-24-3479-g004){#f4-medscimonit-24-3479}

![HSF2 promoted the expression of ALG3 and increased the proliferation, migration, and invasion ability of breast cancer cells. (**A**) The ChIP assay confirmed that HSF2 was bound to the ALG3 promoter. (**B**) Silencing HSF2 inhibited the expression of ALG3. (**C**) Overexpression of HSF2 increased the expression of ALG3. (**D**) Cellar proliferation was detected by CCK-8. (**E, F**) Breast cancer MCF-7 cell migration ability was detected by the wound healing assay. (**G, H**) Breast cancer MCF-7 cell invasion ability was detected by Matrigel invasion assays.](medscimonit-24-3479-g005){#f5-medscimonit-24-3479}

![ALG3 regulated tumorigenesis in the nude mouse model. (**A--C**) Mean tumor volume and weight on day 28 after tumor cell injection. LV3-shALG3-1- or LV3-NC-infected MCF-7 cells were implanted s.c. into the left armpit. (**D**) Immunohistochemical analysis of ALG3 or HSF2 expression were performed on tumor xenografts. Representative images are shown (original magnification ×200). \* p\<0.05.](medscimonit-24-3479-g006){#f6-medscimonit-24-3479}

###### 

Association of ALG3 expression with clinicopathological characteristics in 90 patients of breast cancer.

                    No. of patients (n=90)   ALG3 expression       P value       
  ----------------- ------------------------ --------------------- ------------- --------
  Characteristics                                                                
  Age (years)                                                                    \>0.05
   \<50             48                       22 (45.80%)           26 (54.20%)   
   ≥50              42                       20 (47.62%)           22 (52.38%)   
  Normal breast     90                       76 (84.44%)           14 (15.56%)   \<0.05
  Cancer tissues    90                       16 (51.11%)           74 (48.89%)   
  FIGO stage                                                                     \<0.05
   I/II             52                       12 (23.08%)           40 (76.92%)   
   III/IV           38                       4 (10.53%)            34 (89.47%)   
  Grade                                                                          
   1                42                       10 (23.80%)           32 (76.20%)   
   2                28                       4 (14.29%)            24 (85.71%)   
   3                20                       2 (10.00%)            18 (90.00%)   
                                             Grade 2--3 versus 1   \<0.05        
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